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INTRODUCTION. 
Kirchoff  (1)  stated  that  the object of mechanical  science was  "to 
describe  completely and  in  the  simplest  manner  the motions which 
occur in nature,"  and so, from the standpoint of energefics, life may 
be viewed as a mechanism  and described in terms of the absorption 
and  elimination  of .energy.  In  the  absence  of  external  work,  the 
developed energy resolves itself into heat, and as such may accordingly 
be  estimated  directly  or  indirectly,  so  it  seems,  by measuring  the 
exchange  of  the  respiratory  gases.  For  a  proper  understanding  of 
these processes one must know the quantity and quality of material 
ingested in a given unit of time, and what part of the absorbed poten- 
tial energy is retained and what part  converted and dissipated as heat. 
The  experiments  to  be  presented  in  this paper  deal with  the latter 
factor  since  they  involve  determinations  of  the  amount  of  carbon 
dioxide eliminated by embryos of successive incubation ages.  These 
tests were supplemented by chemical analyses before and after incuba- 
tion.  The chemical analyses were to  serve also as a preliminary to a 
subsequent study of the  changes  in  the  constitution  of the  embryo 
with age, so that a comparison might be made of the concentrations of 
the more important substances inside and outside the embryo. 
It is important to know the amount of (1) fuel (carbohydrate, pro- 
tein,  and  fat)  burned  in  embryonic  metabolism,  (2)  water lost  by 
* An article of an introductory  nature  dealing with the general point of view 
from which these  experiments  were flndertaken  will be  published  elsewhere. 
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evaporation,  and  (3)  solid  substance,  if  any, contributed  to  the 
developing embryo by the  egg shell.  We assume that the weight of 
all  other non-oxidizable substances within the egg remains constant 
throughout incubation. 
Preparatory to these and subsequent experiments it was necessary 
to establish suitable incubation conditions, the maintenance of which 
would increase the probability that development proceeded at approxi- 
mately the same rate in each egg.  With this object a  few observa- 
tions have been made upon the atmospheric temperature and humidity 
as  variables  modifying the  constitution  of  the  whole  egg  during 
incubation. 
The Source and Control of the Experimental Material. 
Unless it is  stated  to  the contrary the management of the fertile 
egg as  now described applies  to  all  subsequent experiments of this 
series.  The eggs are those of White Leghorn hens 9 to 18 months of 
age raised and kept on the same farm.  They are collected several 
times a  day, refrigerated  at  about  55°F.  during the  night,  shipped 
the next morning and delivered cold at the laboratory the following 
day.  Approximately 2 days after they are laid they are incubated in 
the laboratory. 
There are numerous variable factors" which can modify the consti- 
tution of the egg as well as the rate of development of the blastoderm 
(2).  Investigations  at  agricultural  experimental  stations  have 
revealed that the amount of yolk, albumin, and water, as well as the 
thickness of the shell, vary according to the season, diet, and general 
condition of the bird  (3).  Variations in  the relative proportion  of 
these substances may also occur as a  result of individual or  chance 
happenings, such as the velocity of the egg's passage down the oviduct 
whence the albumin is derived, the time intervening between laying 
and  collecting,  the  humidity  and  temperature  of  the  surrounding 
.atmosphere after laying and during transportation.  As the initiation of 
ontogenesis by fertilization occurs in the upper reaches of the oviduct 
and as the process of egg formation in the hen usually takes from 18 to 
30 hours, the development of the blastoderm with differentiation of 
the three germ layers has already taken place by the time the egg is 
laid.  Variations  then in  the duration of the egg's  stay within  the I-IENI~Y  A.  M-URRAY, JR. 
reproductive organs of the hen so affects development that no  two 
embryos will be exactly the same age at the time of laying.  Poultry- 
men recognize what are called body-heated eggs, that is to say, eggs 
held in the body of the fowl for 2 or more days.  Since  temperature 
conditions are suitable, development will be found to have progressed 
further than usual in such eggs.  If, after laying, the temperature is 
ever raised as high as 72°F. it is said that growth of the blastoderm 
will commence and proceed slowly.  Likewise, if a  hen sits on  the 
egg for a time after laying, the stage of development at the commence- 
ment of incubation will be more advanced than the average.  These, 
then, are some of the factors, which in our experiments were more or 
less  variable.  Their  importance  could  only  be  minimized  by  the 
accumulation of  sufficient data,  that  is  to  say,  by  the  statistical 
method. 
In a  few of the subsequent experiments the eggs were kept in a 
Lo-Glo incubator at about 39°C.  Once a  day they were taken out 
into the laboratory and rolled.  Later, when a  constant temperature 
room was butt, a water-jacketed copper box provided with a constant 
inlet of warm fresh air  was used  as  an incubator.  The  maximum 
variation  of  temperature within the box was 4- 0.4.t  The eggs were 
turned once or  twice a  day and weighed at less  frequent intervals. 
All manipulations were done in the room where the humidity was less 
than in the box, but the temperature was approximately constant at 
38.8 ° 4-  1.0°C. 1 
Weight and Surface Area of Eggs. 
The average weight of over 500  eggs before incubation was found 
to be 57.8  gin.  It is stated in the literature that  during incubation 
there is a  loss of weight most of which can be accounted for by the 
evaporation of water.  The extent of the loss was usually very vari- 
able, but there were found no analyses of the factors which determined 
it.  As the amount of evaporation and gaseous exchange in the egg 
must be a function of its surface rather than of its mass, it was con- 
sidered advantageous to find a  convenient method for measuring the 
surface area.  Three simple indices were tried for each of twenty-seven 
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eggs:  (1) the projected surface.  To  obtain  this  a piece of apparatus 
was constructed  to hold  the  egg firmly in position resting  on a  flat 
sheet of paper.  The greatest circumference of the egg was then drawn 
with a  pencil  held perpendicularly  in a  block and  the enclosed area 
representing the largest cross-section of the egg was measured with a 
planimeter;  (2)  the  product  of  the  maximum  length  and  width; 
and  (3)  the  two-thirds power of the weight (W  ~) of the unincubated 
egg.  An appropriate constant by which to multiply the average result 
of each method was found by comparing each result with the actual 
surface as measured with adhesive plaster.  By comparing the average 
errors in the measurement of the surface by each formula, it was pOS- 
TABLE  I. 
Measured  and  Calculated  Egg Shell Surfaces Compared. 
Average of eggs 
(Nos. 1 to 27) 
± standard error.* 
75.00  +0.71 
56.94  ~:0.82 
14.79  q-0.14 
Measured surface, sq. cm  .......................................... 
Weight, gm  .........................  : ........................... 
W ~ ........................................................... 
measured surface 
K=  W!  ...........................................  5.07  :k0.10 
Average  deviation  of  individual,  calculated  surface from observed 
surface, sq. cm  ...............................................  -4-1.1 
Standard deviation 
* Standard  error  =  ~.~~, 
sible to estimate approximately which method was the most accurate. 
The third method for which the equation is S  =  5.07 W ~ gave the most 
satisfactory results.  The average error was 4- 1.1 sq. cm. as compared 
to  4-  1.9 and  4-  1.6 sq.  cm. for the first and second methods respec- 
tively.  For  this  reason  and  because  the  method  dispensed  with 
all  measurements  except  the  weight  it  was  selected.  (Table  I.) 
It may,  of course, be conveniently represented  graphically,  so that, 
knowing  the  weight,  the  value  for  the  surface  can  be  read  off 
immediately. 
Using this formula to obtain the surface area a very slight correla- 
tion was found between surface and the amount of weight lost during 
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were kept constant.  It was then surmised that perhaps the thickness 
of the shell might be a  factor.  The thickness of the shell was esti- 
by  finding  the weight per sq. cm."  (Weightof shell). 
k 
mated  This 
approximation for the thickness was compared with the average daffy 
weight lost per sq.  cm.  It was found that the two varied inversely 
and that the correlation in this case was more definite than in the case 
of the egg surface.  These estimations, however, are necessarily crude 
since the thickness of the shell is not uniform.  An egg with a heavy 
shell which has very small rarefied areas may lose more weight than 
one having a lighter shell of uniform thickness.  This was shown to be 
a fact by making very small cracks in the shell, not suffic/ent to inter- 
rupt  development.  The  result was  that eggs so  treated lost 50  to 
100 per cent more weight per day than the average. 
The conclusion was reached that, although the area and thickness 
of the shell were among the determining factors in the loss of weight 
during incubation,  the thickness, which seemed the more important 
of  the  two,  could not be measured with  any degree of exactitude, 
and that, at least for present purposes, if care were  taken to choose 
eggs of approximately uniform size and shell thickness, both functions 
could be neglected. 
The Weight of the Shell during Incubation. 
There seems at last to be general agreement about the fact that the 
shell, the most important element of which is calcium carbonate, loses 
weight during incubation.  The discussion on this point which origi- 
nated when William Prout  (4)  first affirmed in  1822 the passage of 
earthy carbonates into the embryo from the shell, seems to have been 
largely the result of disregarding the great variability of eggs in almost 
all  their characters.  Whatever method is used necessarily involves 
estimations of the total shell weight or the amount of calcium in the 
shell or egg contents before and after incubation.  As the same eggs 
cannot, of course, be used for both determinations, and as egg shells 
before incubation vary at least as much as between 4.5 gin. and 7.7 
gin. in weight, or between 7.7 per cent and 11.9 per cent of the total 
egg weight, it will not be evident whether there is a loss of such a small' 
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ful statistical study is made.  None of the previous investigators have 
chosen to do this. 
In 1908 Tangl (5) introduced an improvement when he limited him- 
self to a comparison of eggs from the same hen on a standard mineral 
diet,  He believed that his figures showed a loss of 0.3 to 0.4 gin. of 
shell weight during incubation.  His  general conclusions have been 
confirmed by Carpiaux (6)  and again more recently by Plimmer and 
Lowndes (7). 
Tangl weighed and analyzed eight dried egg shells before incubation 
and fifteen after incubation.  From his data it may be estimated that 
the shell weight was 9.64 4- 0.09 per cent  2  of the total egg weight before 
TABLE  II. 
Weight of Shell in Terms of Total Egg Weight before and after Incubation. 
Incu-  No. of 
bafion  eggs 
age,  weighed. 
days 
0  35 
17  25 
18  16 
19  22 
lverage 
'elghto~ 
eggs 
before 
incuba- 
tion. 
gm, 
58.81 
59.09 
59.28 
59.62 
Average 
weight o] 
shell. 
g~. 
5.767 
5.590 
5.609 
5.580 
Average 
percentage 
weight of shell. 
I 
9.81  !0.11 
9.46  ±0.14 
9.46  +0.09 ~ 
9.36  ±0.12 
,verag( 
urface 
area. 
:5.071~ 
q. ¢m. 
76.6 
76.9 
77.1 
77.4 
Average 
weight ot 
shell per 
sq. cm. 
gtr~. 
0.0753 
0.0727 
0,0728 
0.0721 
Shell 
weight i~ 
an egg 
of avera~ 
weight 
(57.8 gm 
g•. 
5.670 
5.468 
5.468 
5.410 
Average 
loss of 
shell 
weight. 
gm. 
0.202 
0.202 
0.260 
incubation, whereas after incubation it was 9.08  -4- 0.10 per cent, the 
difference between these two  averages being  0.56  -4-  0.13  per cent. 
Tangl  used a  different variety of fowl  (Plymouth Rock)  from  ours 
in his experiments, and took all his eggs from three hens.  We, on the 
other hand, used eggs from White Leghorn hens and desired average 
figures representative of the whole flock. 
For our purposes it  is  necessary to  know only approximately to 
what degree, and at what rate the solids of the egg are augmented by 
the addition of shell constituents.  To learn these facts series of egg 
shells were weighed before and after 17, 18, and 19 days of incubation, 
respectively (Table II).  The weights were obtained after drying the 
Unless otherwise stated the designation :u  a  number refers to =u  the probable 
standard deviation 
error;  i.e., 0.6745 
I//No.  of  observations HENRY A.  ~RRAY,  JR. 
shells in an oven.  Before incubation the shells were 9.81  4- 0.11 per 
cent of the total egg weight; whereas after 17, 18, and 19 days of incu- 
bation they were 9.46  4-  0.14,  9.46  4-  0.09,  9.36  4-  0.12  per  cent, 
respectively, of  the  initial  egg  weight,  the  difference  being  conse- 
quently 0.35,  0.35,  and 0.45  per  cent.  This might be compared to 
the difference found by Tangl after incubation, namely, 0.56 per cent. 
The greater loss of weight in his experiments is probably due to,  the 
fact that his incubated eggs were  examined later,  after 20  daysi~iof 
incubation.  Tangl obtained greater differences in a later but smaller 
set of weighings (8). 
0 
m. 
Gm. 
32.0 
30.0 
28.0 
Z6.0 
24.0 
22.0 
20.0' 
18.0 / 
/ 
/ 
/ 
/ 
Gm 
132 
).30 
3.25 
126 
122 
~20 
I 
Ql8 
.9 
D51j5 t7  is  19  20 
Tncab~ion  ~ 
FIG. I. A comparison of the weight of the embryo (heavy  llne) as determined 
by the formula W,  =  K  t  8'~ and the average loss of shell weight (black circles 
(e)) as calculated from a series of weighings (Table II) when expressed as fund- 
tions of the incubation age. 
The differences are not great as judged by the criteria of statistical 
theory, and inasmuch as our results are comparable to those of Tangl, 
who had the advantage of working with eggs from the same hen, the 
data may be taken to afford a basis for an approximation which would 
probably allow for greater accuracy in computing the changes in con- 
centration of total solids during incubation.  If there is  a  transfer 
of substance from the shell into the interior of the egg it must be known 
at what rate this occurs.  Tangl showed a loss of 0.56 per cent in shell 
weight after 20 days of incubation.  In an egg weighing 57.8 gin. this 
is  equivalent  to  0.324  gin.  of  shell  substance.  Using  this  figure 8  PHYSIOLOGICAL  ONTOGENY.  II 
together with  our own results,  and  plotting  the loss of shell weight 
against  the incubation  age,  it may be seen  (Fig.  1)  that  the loss of 
weight increases with the wet weight of the embryo, the latter being 
represented in the figure by the curve.  This fitting may be coinciden- 
tM, but without the collection of a much greater number of observa- 
tions it may serve as a basis for a simple approximation which would 
lead to a greater degree of accuracy than would be obtained by neglect- 
Lug time as a function in the loss of shell weight or neglecting the latter 
altogether.  Carpiaux,  as  well  as  Plimmer  and  Lowndes,  found 
approximately 0.04 grn.  of CaO in the egg contents before  incubation 
and 0.20 gin. after incubation.  Now, as the work of Tangl and  Car- 
piaux demonstrated no change in the constitution of the shell during 
incubation,  and  as  the  average  of eleven analyses  by Plimmer  and 
Lowndes gave the CaO as approximately 50 per cent of the total shell 
weight, it would seem that the loss of shell weight during incubation 
was about 0.32 gln., a figure which almost exactly corresponds to our 
own.  Yllmmer and Lowndes in one series determined the lime in the 
egg  contents  on  consecutive  days.  Their  average  results,  when 
multiplied by 2 to show the loss of shell weight,  follow the  trend of 
our graph,  but are  all somewhat lower.  Since  their  chicks hatched 
later than ours, it might well have been that the embryos were larger 
in our series and thus more lime had been absorbed. 
From the graph it is seen that for every 1.0 gm. of embryo there is a 
loss of 0.01 gin. of shell substance, that is to say a gain of 0.01 gm. of 
total solids in the egg contents. 
To obtain the weight of the shell before incubation,  the following 
formula may be used: 
L0 =  L, +  0.01 W,  (1) 
where L0  =  the weight of  shell before incubation,  Lt  =  the weight 
of the shell after t days of incubation,  and  W,  =  the wet weight of 
the embryo. 
It will be shownina later paper that the weight of the chick embryo 
between the 5th and the 19th days of incubation may be expressed by 
the equation 
t3.6 
IV,----  -- 
1.496 HENRY  A.  MURRAY, JR.  9 
where W, =  the weight in rag.  of the embryo, and t  =  the incuba- 
tion age in days.  For L, the weight of solids derived from the shell 
and added to the egg contents, the following equation may be used. 
t3.6 
L =  (2) 
149.6 
These figures would be  subject  to  a  correction if it were known 
that  some of  the  carbonates  from  the  shell  were  transformed into 
carbon dioxide gas and as such passed out into the atmosphere.  The 
metabolic determinations would likewise be affected.  In the absence 
of the necessary data calculations have been made without correction 
as if the probable retention of CO2, due to the association of calcium 
carbonate, upon its dissolution from the shell, with carbonic acid to 
form bicarbonate,  was compensated  by the delivery  of an equal 
amount of CO2 when the calcium is reprecipitated to form bone in the 
embryo. 
The  Concentration of  Water,  Total  Solids,  and  Fat  during 
Incubation. 
The first experiment on the loss of weight during incubation was 
done while using a Freas incubator which one was required to open for 
other purposes several times a day.  Thirty-three eggs were weighed 
every day throughout the incubation period  as  a  preliminary test. 
There was found to be ari equal distribution of fertile, unfertile, and 
degenerated eggs and these were all averaged together.  The mean 
weight of all the eggs for each day was plotted against the time (Fig. 2). 
The  diagram  shows  that  the daily  weight  decrement is constant. 
The temperature was usually 3~°C. in the incubator, but as the doors 
were opened periodically it dropped below this value at times.  The 
presence of an electric fan which circulated the air over the eggs has- 
tened evaporation.  Once a  day each egg in a  large weighing bottle 
was removed into laboratory conditions for weighing.  At this time 
it was rolled.  The humidity in the incubator was not measured. 
In subsequent experiments information was sought on the effect of 
what we considered to  be  the two most important variable factors 
affecting  incubation,  namely  (1)  temperature  and  (2)  humidity. 
Since poultrymen have learned by experience that it is important to 10  PHYSIOLOGICAL ONTOGEI~.  II 
roll  eggs regularly,  the  surface of each  egg was  divided  into  three 
numbered sections by equidistant longitudinal  axial lines.  The eggs 
were placed  on  small  rubber  rings  so  that  there  should  be  no  free 
motion and  laid  in  the  drawers  so that  their  sides  touched.  When 
rolled, each egg was turned two-thirds of the way round, so that the 
segment number next but one pointed upwards.  It was found that 
among the eggs rolled twice a  day there was  a  higher percentage of 
live embryos than among those rolled once a  day or once every other 
Gm.6o 
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Fro. 2. The average weight  of thirty-three eggs, fertile and unfertile, during 
the entire period of incubatioa. 
day.  But since neither  the weight nor  the chemical constitution  of 
the eggs was found to vary in any regular fashion, this factor was not 
investigated further. 
With the temperature constant three series of eggs were incubated 
at different concentrations of water vapor and periodically weighed. 
The humidity was determined by the use of dry and wet bulb ther- 
mometers.  Eggs were opened on the  17th,  18th,  and 19th days and 
the  embryos  therein  as  well  as  the  rest  of  the  egg  contents  were HENRY A. MURRAY, JR.  11 
analyzed for solids and fats.  For the most part there were no differ- 
ences in the weight lost by fertile and unfertile eggs (Table III, Fig. 3), 
between  the 4th  and  14th  days of incubation the points in all cases 
approximated a straight line.  It is therefore possible to compare the 
average loss of weight per day of eggs at different humidifies.  The 
6m.  0 
\  ....  2.O 
"~  5.0  .  " 
°  ,,  ~  6.0  ..... 
7.0  N \ 
8.0 
~0 
0 
~o 
2  4  6  $  D  12  t4  I6  1B  10 
Incubation a~e 
Fio. 3. The average weight of fertile (white drcles (o))  and unfertile (black 
circles (@)) eggs, incubated at humidities of 90, 65, and 23.5 per cent respectively, 
equated against time (Table III). 
deviations from the straight line in the middle period it was thought 
were due to minor fluctuations in the humidity, a factor which it was 
never possible to keep quite constant.  The humidity of the atmos- 
phere,~apparently, determines the amount of weight lost during incu- 
bation (Fig. 4).  This leads to the inference that the loss of weight 12 
H 
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is due to the evaporation of water. 
per cent humidity  the egg loses  no  weight. 
llne is: 
For instance, when there is 100 
The  equation  for  this 
GrB0.7 
0.6 
~ 
0.5 
X~ 
0.2 
\ 
,t 
Ho  =  7.5  (10o  -  h) 
\ 
0.1 
(3) 
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\ 
70  80  9O  100 
Humidiguj 
FIG. 4. The average daffy  loss  of weight of incubated eggs  as a function  of  the 
humidity.  The black circles  (e) represent  averages of a relatively  large  series 
of eggs over the entire period of incubation;  thewhite circles (o) are averages from 
a  small series  of eggs measured over a  2  day period.  Points marked with  the 
further  notations +  and o and * refer to eggs kept at temperatures above 38.8 ° 
(+),  just  below  38.8 °  (o), and  at  laboratory  temperature  (*)  respectively 
(Table IV). 
where Ha  =  the average daily loss of weight (rag.) and h  -- humidity 
in per cent, and thus 
H  =  7.s (100 -  h)t  (4) 
where H  -- weight in rag. of the water lost by evaporation in t days of 
incubation. 
As a  confirmation of the initial findings a  few shorter experiments 
were  performed  (Table IV).  Each white circle  (o)  (Fig. 4)  on  the 14  PHYSIOLOGICAL  ONTOGENY.  II 
chart represents the average loss of weight of about a dozen eggs mea- 
sured over a  2 day period.  The temperature was not the same in all 
these  experiments.  The points  marked  with  a  cross  (+)  represent 
experiments in which the average temperature was above, those with 
a  circle  (o)  experiments  in which the temperature was below 38.8°C. 
It appears  that increasing the  temperature augments  the amount of 
weight lost by evaporation.  The  point  far  below  the  line  in  this 
figure  was  the  result obtained when eggs were left at a  laboratory 
temperature. 
TABLE IV. 
Average Loss of Weight per Day of Eggs Incubated at Various Humidities. 
No, of eggs weighed.  Average weight  Temperature.  Humidity.  Average weight lost 
of eggs.  per day. 
4 
52 
12 
12 
31 
10 
10 
16 
12 
4 
16 
g~. 
58.0 
57.7 
54 3 
58.0 
60.6 
58.8 
59.0 
57.1 
59.8 
61.2 
60.8 
°C. 
39.6 
38.2 
39.2 
39.2 
38.2 
38.5 
21.7 
38,2 
39.2 
39.2 
40.6 
93 
90 
80 
77 
65 
52 
38 
23.5 
20 
20 
16 
gm. 
0.044 
0.066 
0.155 
0.180 
0.242 
0.345 
0.220 
O.533 
0.610 
0.660 
0.640 
There are  factors of less  importance.  When  eggs  are  isolated  so 
that neither the sides of the drawer nor other eggs impinge upon them 
they lose more weight, and this occurs also when an electric fan blows 
air  over  their  surfaces.  Both  arrangements  serve  to  decrease  the 
humidity  in  the  immediate  vicinity of  the  eggs  and  thus  to  favor 
evaporation. 
In other experiments we have made certain that for our purposes no 
account need be taken of the slight differences in average daily weight 
loss which are occasionally found during the first 2 or 3 days of incu- 
bation.  When  the  eggs  are  first  put  into  the  incubator  they  are 
cold and their water content is variable.  Due to such factors the loss 
of weight  which  commences immediately may  be  less  regular  and 
different from the constant rate attained later. HENRY  A. MUP.EAY, yR.  15 
The divergence on the part of the fertile eggs from the straight line 
during the last 3 or 4 days of incubation (Fig. 3) may, however, be of 
some significance to this study.  Its explanation may furnish a clue to 
rhetabolic changes of importance.  Any hypothesis descriptive of the 
phenomenon must take into account the following experimental facts: 
(1)  Whereas the unfertile eggs (o) continue losing weight at a constant 
rate,  the daily  decrement for  the  fertile (o) eggs  becomes greater. 
It cannot be due, as was first thought, to an unusually long exposure 
(about i hour) to a humidity of 23 per cent while some of the eggs were 
being weighed and opened, because the unfertile eggs (o) which were 
used as  controls,  were  subjected to  the same conditions.  (2)  The 
extra loss of weight is slight, relative to the average daily decrement 
in eggs incubated at  23.5  per cent humidity, but in  those kept at 
humidities of 65 and 90 per cent the increase in the daily loss during 
these last days of incubation is approximately equal to the previous 
average daily loss. 
Three possible interpretations of the observed phenomenon present 
themselves: (1)  that the expired carbon dioxide is greater by weight 
than the oxygen inhaled during this period, (2) that some other gaseous 
product is eliminated, and (3) that there is an increased evaporation 
of water.  The first two possibilities apparently do not fit the facts. 
As embryos, of the same age,  developed at humidities of 65 and 90 
per cent, respectively, were approximately of equal weight regardless 
of the humidity, the increased decrement, which was different for each 
humidity, could not have  been  due  to  the loss of some metabolic 
product, such as carbon dioxide because the latter being a function of 
some embryonic dimension would have been of the same magnitude 
under both conditions.  Furthermore, if the loss of weight is due to 
the carbon dioxide output it must be the result of protein catabolism, 
since glucose is present in  such  small  quantifies  that  it  may  be 
neglected and when fat is burned the oxygen absorbed is greater by 
weight than the carbon dioxide lost.  The urinary function in  the 
chick has been said to start during the 2nd week and there is usually 
some fecal material in the amniotic cavity by the end of incubation. 
Even though no nitrogen is lost,  there may be and probably is some 
protein catabolism,  the products being eliminated in the usual forms, 
such as urea, urates,  creafinine, and  amino acids into the amniofic 16  PITYSIOLOGICAL  ONTOGENY.  II 
fluid.  Whether some of these nitrogen catabolites are reabsorbed is 
unknown.  It seems that but little protein is burned during incuba- 
tion, because in the metabolic experiments of Bohr and  Hasselbalch 
(9)  the respiratory quotient,  during the latter half of incubation at 
any rate, was found to be about 0.710.  Tangl's experiments (8)  also 
point  to  the fact that practically all  the energy involved is  at  the 
expense of fat. 
In considering the effect of the gas exchange upon the weight of the 
egg, reference may be made to the estimations of Loewy which indi- 
cate that for every 100  cc. of COs eliminated as a  result of protein 
metabolism there is a loss of 0.0181  gin. of weight; whereas for every 
100 cc. of COs from fat there is a gain of 0.0056 grn. of weight (Table 
V).  Even if one  assumes  that protein  contributes as much as  20 
TABLE  V. 
The Respiratory Exchange and the Change in Weight When Protein and Fat Are 
Oxidized (after Lusk3). 
1 gin. of solid. 
Protein. 
Fat. 
Respiratory  gases. 
Oxygen. 
co.  g~tt. 
966.3  1.380 
2,019,3  2.885 
Carbon dioxide. 
co.  g~t. 
773.9  1.520 
1,427.3  2.805 
Difference in 
weight per 
gin. of solid 
burned. 
gm. 
--0.14 
+0.08 
Difference in 
weight per 
5.00  cc.  COt 
expired. 
gm. 
--0.0181 
-{- 0.0056 
per cent of the CO2 expired daily during the latter part of the incuba- 
tion period, the loss from this source (0.0181  ×  0.20  =  36.2  ×  10 -4) 
would be more than neutralized by the gain in weight from fat metab- 
olism  (0.0056  ×  0.80  =  44.8  ×  10-4).  Much careful experimenta- 
tion has been done by Hasselbalch (10) and others to discover whether 
ammonia or some other N-containing gas is eliminated by fertile eggs. 
It was generally believed that some small variable fraction of expired 
air was in this form, until the work of Krogh (11) and Tangl (8) which 
seemed to show that there was no loss of nitrogen during incubation. 
Our experiments are not intended to settle this point.  The literature 
on the subject has led us to believe that its solution is of no particular 
8 Lusk, G., The elements of the science of nutrition, Philadelphia and London, 
3rd  edition,  1921,  62. HENRY  A.  MURRAY, JR.  17 
moment to our problem, since the amount of weight, if any, lost in 
such a form would appear to be practically negligible.  Therefore, by 
a process of elimination we are led to the conclusion that the increased 
loss of weight during the latter part of incubation is due to an excessive 
elimination of water. 
It appears consequently that changes taking place in fertile eggs 
result  in  a  modification of  the  factors  conditioning  evaporation. 
The temperature of the living organism is higher than that o~ the sur- 
rounding atmosphere, and the amount of heat manufactured is roughly 
proportional to the mass of active tissue.  Therefore, when the embryo 
has  attained  significant  size,  the  heat  radiating  from  its  surfaces 
modifies temperature conditions in the whole egg.  We have observed 
under standard conditions that a thermometer placed against the shell 
of a fertile egg gives a reading, the heightof which above the surround- 
ing temperature varies in  general with  the weight of  the embryo. 
The change is not noticeable until near the end of incubation.  As 
vapor tension is a function of temperature, it would seem on theoreti- 
cal grounds that in consequence of the amount of heat produced by 
embryos of advanced age there should be an acceleration of evapora- 
tion, other factors being equal, during the last few days of incubation. 
Possibly the circulation of blood in the respiratory membrane which at 
this period covers the inner surface of the shell affords a more effective 
evaporating mechanism than the undifferentiated albumin.  Finally, 
as will be shown later, the concentration of water in the egg rises dur- 
ing these last few days of incubation due to catabolic processes within 
the embryo so that for this reason the vapor tension and, consequently, 
the evaporation of water may be increasing.  These suggestions are 
offered as explanations of the increased increment loss of weight dur- 
ing the last days of incubation.  In the eggs incubated at very low 
humidities (23 percent), however, there seem to be factors within the 
egg which limit evaporation. 
In view of such considerations regarding the excessive evaporation 
of water at humidifies between 65 and 90 per cent greater accuracy 
is obtained on the 17th, 18th, and 19th days of incubation bysubsti- 
tuting for equation (4) the following 
H  =  7.S  (100  --  h)t +  7.S  000  --  h)  (t  --  16)  (S) 18  PHYSIOLOGICAL  ONTOGENY.  II 
where H  =  water lost by evaporation (rag.), h  =  humidity (per cent), 
and t  =  incubation age (days). 
The equations which are now available express approximately  the 
daily loss of weight  of  the  whole  egg  (and  thus  the  evaporation  of 
water) as a function of the humidity, and the loss of weight of the shell 
(and thus the gain in weight of total solids within the egg) as a func- 
tion of time.  At any time during incubation by the use of one or more 
of these equations the original weight of the contents of any egg may 
be estimated, and thus an approximate value for the quantity of solid 
material before incubation may be obtained.  By comparing the latter 
with the  amount of solid material  actually found after incubation it 
should be possible, despite the great variability of the eggs, to calcu- 
late  within  limits  how  much  solid  material  is  burned  during 
incubation. 
TABLE  VI. 
Analysis  of  Unincubated Eggs. 
No. of eggs I Per cent of egg 
I analyzed._.._..__[_  contents. 
Total solids .........................  37  24.7  -4-0.1 
Fat .................  11  11.1 
Nitrogen ...........................  I  9  1.9 
Protein (6.25 N) ....................  [  /  11.7 
Per cent of  Gm. per 100 
total solids.,  gm. F_O. 
100  32.8 
45.0  =t=0.8  ]  14.7 
7.6  ±0.1  2.5 
47.5  15.5 
The water content of the egg was obtained by subtracting from the 
weight of the whole egg the dried weight of the contents and the dried 
shell.  Before drying  the  shell  the  albuminous  material  adhering  to 
the inner surface of the shell membrane was washed off with distilled 
water and included with the rest of the egg contents.  The egg sub- 
stance was dried,  (1) exposed to the air in an oven at 102°C.;  (2) in a 
vacuated desiccator over H2SO, at 60°C.; and (3) in a vacuated desic- 
cator over phosphorous pentoxide at 102°C.  The results obtained by 
the three methods were comparable, and as the first was the simplest 
it was thenceforth used exclusively. 
The  average  concentration  of  water  in  thirty-seven  eggs  before 
incubation  as  they were received in  the laboratory was 75.3  ±  0.1 
per cent.  The concentration of solids was therefore 24.7  ±  0.1  per 
cent (Table VI). HENRY  A.  MURRAY,  ~[R.  19 
Let 
W  --  weight of whole egg before incubation. 
L0  ---  weight of shell before incubation. 
Lt  =  weight of shell after t  days of incubation. 
W, =  weight of embryo. 
So  --  we;ght of solids before incubation. 
St  =  weight of solids after t days of incubation. 
S  =  weight of solids burned. 
Now since 
L0 =  L~ +  0.01 Wo  (1) 
and the solids represent 24.7 per cent of the egg contents, then 
So  =  0.247  (W  --  L,  --  0.01  W,) 
and 
S  -  0.247  (W-  Lt  --  0.01  IV,)  --  S, 
The terms on the right side of the equation are all measurable. 
Two sets of fertile eggs incubated at 90 and 65 per cent of humidity 
respectively were analyzed after incubation  (Table VII).  They are 
peculiarly irregular,  but the averages seem to show a certain uniform- 
ity.  As will be seen later there are reasons to believe that these are 
sufficiently accurate for our purposes. 
When  the  humidity  of  the  incubator  air  is  changed,  there  is  an 
accompanying change in  the  concentration  of substances composing 
the yolk and  albumin  due  to  the  evaporation  of water of the  eggs. 
Within  rather  wide  limits  such  modifications  have,  however,  no 
measurable effect upon the development and chemical differentiation 
of the  embryo.  The  passage  of substances into  the  embryo is  not 
conditioned  to  any great  extent by such  external  factors.  As with 
many glands and other organs in  the  body, there  appears  to be evi- 
dence  of  selective  absorption,  so called,  which  to  a  large  extent  is 
independent  of the  concentration  or total mass of the  substance  to 
be  absorbed.  The  devices  used  to  symbolize membrane  equilibria 
in  non-living  colloidal  systems  are  therefore  not  descriptive  of  the 
phenomena  under  observation;  and  one must  resort  in  the  present 
state of ignorance to certain specifically biological concepts.  Haldane 
(12)  believes, it  seems,  that  the  latter  are  axioms,  characteristic  of ¢~ 
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and peculiar to living organisms and not to be resolved into chemical 
and physical terms.  In pursuit of this general idea and in order to 
gain information of the phenomena underlying the movement of ele- 
ments in  and out of the embryo  (absorption  and elimination)  it is 
desirable to know in approximate terms the changes in the concentra- 
tion  of  the  more  important  constituents  of  the  whole  egg  during 
incubation. 
It was necessary to know not only what substances are burned but 
also at what rates.  In view of the literature on the subject the solids 
were analyzed for fat.  The results may be seen in Table VIII.  The 
fat content was determined by alcohol-ether followed by pure ether 
extraction in a Soxhlet apparatus.  Before extraction and once during 
the  latter  part  of  the  extraction process  the  dried  substance  was 
thoroughly ground in a  mortar.  The extraction process lasted about 
20 hours.  After extraction the flasks were dried to constant weight 
over paraffin in a vacuated desiccator.  The term "fat" is henceforth 
used as synonymous with the extract thus obtained. 
Since individual eggs show considerable variation our results are 
not very regular.  The sensible maximum deviations in the content 
of total solid and fat before incubation (Table VI) were 1.6 per cent 
and 4.0 per cent, respectively; this  amounts, then, to a possible error 
of +  0.8 gin. in our calculations for So (solid content before incubation 
(Table VII)) and approximately ±  1.3 gin. for F0 (fat content before 
incubation  (Table VIII)),  since the latter estimation involves both 
errors.  The maximum deviations from the mean in  our values for 
S,  the amount of solid burned during incubation,  were well within 
these  figures  (Table  VII),  and  therefore we  were not  led to seek 
further  for  an  explanation  of  the  apparently  irregular  variations. 
A  comparison between the total amount of solid  substance  (28.362 
gin.) and of fat (28.059 gin.) lost during incubation by twenty-two eggs 
shows a  close correspondence (Table VIII).  Approximately 98  per 
cent of the oxidized solid substance seems to be fat.  This is corrobo- 
rative of previous work, but may not be more accurate than ±  10 per 
cent.  Tangl and yon Mituch (8) found by the analysis of the contents 
of six fertile eggs after the incubation period that practically all the 
loss of solids could be accounted for by the oxidation of fat.  Bohr 
and Hasselbalch (9) came to the same conclusion when they found that 22 
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the respiratory quotient for chicken embryos during the greater part 
of incubation was approximately 0.710.  It must be kept in mind that 
the available figures show irregular variations,  that  the respiratory 
quotients for egg fats and proteins are not accurately known and that 
other transformations  (carbohydrate formation from protein or fat) 
may take place within the embryo to vitiate conclusions from respira- 
tory data.  Nevertheless in view of the literature and our own con- 
firmatory data  it  seems  that for  our  calculations  it is  a  justifiable 
assumption that fat only is oxidized during incubation. 
There are certain reasons, as Tomita (13) and more recently Need- 
ham (14) have pointed out, for supposing that some glucose is metab- 
olized before the 10th day of incubation.  In the first place Bohr and 
Hasselbalch found a respiratory quotient of 0.89 as an average for the 
first 5 days of incubation; secondly the trace of glucose, which is known 
to be present at the start of incubation, is no longer to be found in the 
egg contents outside of the embryo after the 1st week of incubation 
(15,  16); and finally the curve for the concentration of lactic acid in 
the whole egg which was constructed by Tomita as a result of a large 
number of determinations, and is an index according to the author of 
glucose metabolism, rises at the start of incubation, reaches its maxi- 
mum on about the 4th day, and then declines. 
It is uncertain when the end-products of nitrogen metabolism first 
appear in the allantoic sac; but if experiments were to prove that there 
was a procession of glucose, protein, and fat as sources of energy the 
findings might be correlated to the change with age in the value of the 
respiratory quotient as portrayed in Needham's graphical representa- 
tions of Bohr and Hasselbalch's figures.  Later it may be possible to 
determine the  truth  of this  hypothesis  and  to  estimate how much 
carbohydrate and  protein  metabolism  occurs.  The  embryo's mass 
is so insignificant in the beginning of incubation that during the first 
9½  days  (one-half of the period under  observation)  only one-seven- 
teenth of the amount of solid substance eventually to be burned is 
lost.  There would probably be an error of no more than 5 per cent if 
the catabolism of  the first half of incubation were calculated on the 
basis of fat, instead of carbohydrate and glucose. 
Assuming then that only fat is oxidized, determinations were made 
of the  rate  of fat  catabolism at  each incubation  age.  There were 24  PHYSIOLOGICAL  ONTOGENY.  II 
before us the tabulations of total oxidized solid (Table VII)  for the 
16th to the 19th day inclusive, but these were not sufficient to extrap- 
olate  earlier  values.  There were also at hand the careful researches 
of Bohr and Hasselbalch (9, 17) on the metabolism of chicken embryos; 
but in their experiments the breed of the hen laying the egg was not 
recorded,  the  conditions of incubation  were  not  fixed, the  chicken 
weights for some ages were quite different from our own, the weights 
of the embryos actually used in the metabolic tests were not deter- 
mined, and finally inspection revealed unusually large variations in 
thh results.  It was therefore considered necessary to determine for 
ourselves the carbon dioxide expiratory rate throughout incubation. 
Carbon Dioxide  Production. 
The  apparatus  used  was  similar  to  the  conventional  pattern 
(Fig. 5).  Air was drawn by suction at a constant rate through soda- 
lime and water vapor into a glass bottle containing the egg, and then 
successively through sulfuric acid  (tube G), soda-lime (tube H), and 
sulfuric acid (tube J).  The difference between the combined weights 
of tube H  and tube J, before and after a  certain interval of time, is 
the weight of carbon dioxide eliminated by the egg in that time. 
The following experiments were made and repeated in order to test 
the efficiency of the apparatus: 
(1)  Barium hydroxide in tubes through  which CO2-free air  had  been passed 
were placed in the circuit after vessel C and tube J.  Absence  of turbidity, or a 
precipitate, indicated that the CO~ was being properly absorbed. 
(2)  A second sulfuric acid tube was put into the circuit after tube G.  No 
change in its weight after a long period of circulation indicated that tube G was 
absorbing all the water. 
(3)  Air was circulated for several hours through the empty apparatus.  There 
was no change in the combined  weight of tubes H and J. 
The rate of flow of air which was nearly saturated with water in all 
experiments was constant at 3 liters per hour, so  that in the larger 
embryos only did the surrounding atmosphere approach a concentra- 
tion of CO~ as great as 0.5 per cent.  In some of Hasselbalch's experi- 
ments the concentration rose above 0.5  per cent without any notice- 
able change in the metabolic rate, according to the authors, so  that 
we were led to consider this a factor of little significance.  It was found HENRY  A.  MURRA~.IR.  25 
that within wide limits a change in the humidity during the short time 
that the test lasted did not affect the rate of COs elimination. 
Bohr and Hasselbalch laid considerable emphasis upon the elimina- 
tion of COs by the shell.  In these experiments it was assumed  that 
after carbonic acid equilibrium had been fixed between the egg and the 
surrounding atmosphere  there would be no  measurable  interchange 
in either direction, and that this condit/on could be ach/eved by allow- 
ing  for a  preliminary  period  of circulation  before  commencing  the 
experiment.  No  test was  commenced until  air had flowed through 
the apparatus  at the same constant rate for at least half an hour in 
FIG. 5. Diagram of apparatus set up on a table in a constant temperature room 
to measure the carbon dioxide production of chicken embryos. 
A  --  flow-meter;  B  --  bottle of moist soda-lime;  C  =  bottle with a  small 
quantity of barium hydroxide solution at the bottom for the purpose of moisten- 
Lug the air passing  over it and of giving evidence,  by the formation of a  thin 
superficial film, of the presence of any C02 in the air; D  -- egg resting in a glass 
bottle with two outlets and a  ground glass stopper through which passes/~; E 
-- thermometer, the bulb of which lies against the shell; F  -- two-way stop-cock; 
G  -- pumice and sulfuric acid tube; H  -- moist soda-lime tube; J  =  pumice and 
sulfuric  acid  tube; M  --  two-way stop-cock;  K  --  trap; L  --  dial on a needle 
valve to indicate flow of air into suction tube. 
the older embryos and for an hour in the embryos less than 10 days 
old.  In  a  number of the experiments values were obtained for the 
CO2 output of single embryos over short successive periods.  The lack 
of a  regular  decline  or increase in  their metabolism  showed  that  a 
plateau or a  relatively constant rate is attained after half an hour. 
Mr. J. B. S. Haldane has called my attention to the fact that as the 
egg white has an alkaline reaction during the early stages and is said 
later to become acid (18), the change in pH may be due in part to the 
retention of CO2 formed in metabolism.  The figures for CO2 elimina- 
tion,  particularly for the  younger embryos may accordingly be  too 26  PHYSIOLOGICAL  ONTOGEIN'Y.  II 
low.  Moreover, as mentioned above, the influence of the carbonates 
from the  shell is at present undetermined.  As they enter into  solu- 
tion there may be a retention of CO2 and as they become reprecipitated 
in the bone, there may be an equivalent liberation of the gas.  If these 
TABLE IX. 
Carbon Dioxide Production of Chicken Embryos. 
Experi- 
ment 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2O 
21 
22 
23 
24 
25 
26 
Embryo.  CO2 per 
24 hrs. 
per gin. 
co. 
28.6 
29.8 
30.9 
30.1 
26.1 
30.0 
29.5 
27.8 
27.1 
27.8 
28.0 
27.8 
24.7 
24.7 
22.6 
19.0 
21.7 
21.2 
19.9 
16.7 
17.0 
13.8 
20.6 
19.1 
16.9 
14.6 
two processes are not occurring simultaneously there will be errors in 
the figures for metabolism.  Some of the more evident sources of error 
such as these will be investigated at a  later date, but in  the  present 
study they have been neglected. 
The results of our experiments have been tabulated (Table IX) and HENRY  A.  MURRAY,  JR.  27 
the  COs production per  24 hours,  equated  against  the logarithm  of 
the embryonic weight  (Fig.  6).  Through  the points on the chart a 
smooth curve may be drawn and then may be read off on the curve the 
values  (Column 2,  Table X)  which correspond to the logarithms  of 
the  weights  reported  elsewhere as  the  averages  for  their  respective 
ages (Column  1, Table X).  This indirect method of arriving at the 
COs production rate in terms of incubation age is more accurate, since 
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FIG. 6. The COs production per  24 hours  equated  against  the logarithm  of 
the wet weight of the embryo.  The graph to describe theoretically the locus of 
the points was drawn by inspection (Table IX). 
the  correlation  of catabolism  with  embryonic weight is  closer than 
with age.  The average embryonic weight at each age has been fixed 
with relative certainty by several hundred weighings.  It is therefore 
justifiable to draw the curve expressing the rate of CO2 production in 
terms  of embryonic age  (Fig.  7).  By measuring  with a  planimeter 
the area under the graph for each day, the integrals  may be obtained 
which give the total COs elimination since the beginning of incubation 28  I~HYSIOLOGICAL ONTOG]gNY.  II 
as a function of time (Column 3, Table X).  Assuming that the CO2 
is derived from fat catabolism  the values given in Table V may be 
used for calculating total solids burned since the beginning of incuba- 
tion (Column 4, Table X).  These  may  then  be compared to  the 
figures obtained from the chemical analyses (Columns 5 and 6, Table 
X).  There  can  be  little  question  but  that  the  correspondence is 
satisfactory (Fig. 8). 
TABLE  X. 
Catabolism as a Function of Embryonic Age and Weight. 
Age. 
days 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
(1) 
We 
Embryo 
weight. 
mg. 
221 
423 
735 
1,189 
1,879 
2,661 
3,750 
5,105 
6,839 
8,974 
11,460 
14,390 
17,950 
22,030 
26,670 
(2) 
co,~ 24 
6 
12 
22 
35 
54 
74 
102 
132 
171 
215 
262 
315 
350 
366 
368 
(s) 
Total CO2. 
6C. 
2.0 
6.0 
14.4 
30.4 
58.4 
104.0 
168.0 
254.0 
368.0 
518.0 
706.0 
940.0 
1,224.0 
1,560.0 
1,922.0 
2,290.0 
(4) 
ForS 
Total solid 
(calculated). 
0.001 
0.004 
0.010 
0.021 
0.041 
0.073 
0.118 
0.178 
0.258 
0.363 
0.495 
0.659 
0.857 
1.093 
1.346 
1.605 
(5) 
Total solid 
(determined). 
gm. 
0.800 
1.081 
1.199 
1.664 
(6) 
Total fat 
(determined). 
gm. 
0.773 
1.023 
1.267 
1.577 
In Column 1 are the embryonic weights at different ages as obtained from the 
p.s 
formula We  -  1.496" 
In  Column 2 are the values for the rate of CO2 production as read from the 
curve in  Fig.  6. 
In Column 3 are given the figures for the total amount of COs produced since 
the beginning of incubation as obtained by summing the areas under  the graph 
in Fig.  7. 
The values in Column 4 were obtained by assuming that only fat substances 
were oxidized and that 1 cc. of CO2 is equivalent to approximately 0.0007  gm. fat. 
The  figures  in  Columns  5  and  6  are  derived  from  Tables  VII  and  VIII 
respectively. HENRY  A. MURRAY;  JR.  29 
There are now sufficient data at hand to calculate the concentration 
of solid substance  of an  egg of average size  throughout  incubation 
under any conditions of humidity.  The results are shown in Table 
XI, and below the table are given the values and empirical equations 
which were used in the calculations. 
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FIG. 7.  A graph drawn to show the rate of COs production per 24 hours as a 
function of age (Column 2, Table X).  The perpendicular lines define areas which 
represent  the  total COs production for each 24 hour  period.  The summation 
of these will give the COs production since the beginning of incubation (Column 
3, Table X).  The black circles are the points given by Bohr and Hasselbalch. 
The curves in Fig. 9 represent the concentrations of solid substance 
as calculated during the entire incubation period for humidities of 67.5 
per cent and 91 per cent. *  It is seen that the correspondence between 
the actual values as represented by circles and the theoretical curves 
is close, an observation which supports our assumption that the various 
steps whereby these  values were obtained have empirical justification. 
4 Corrected from 65 and 90 per cent respectively according to Fig. 4. 30  PHYSIOLOGICAL  ONTOGENY.  'II 
In the eggs incubated at 90 per cent humidity the embryos were in 
general  somewhat larger,  but  it  was  quite  common  to  find mold 
colonies adherent to the inner surface of the shell.  Due to the fact 
that the humidity under a hen is said to be about 60 per cent and that 
our eggs kept under these conditions (65 per cent) gave the highest 
percentage of  live embryos, it was decided to maintain the humidity 
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FIG. 8. A curve to show the total  amount of solid (or fat)  oxidized during 
incubation when the  assumption is made that fat only is burned.  The graph 
may be compared to the black circles (O) which represent total solids, and the 
white circles (o)  which represent fat as actually determined (Tables VII and 
VnD. 
constantly between 65 and 70 per cent (average 67.5 per cent) and the 
temperature at 38.8  :~ 0.4°C. 
With these data at hand one can construct a theoretical table, which 
will give the content of total solids,  fat, and nitrogen for each day 
of  incubation under  those  conditions which  have  been  arbitrarily 
selected as a standard (Table XII). TABLE  XI. 
Concentration  of Solids in the Whole Egg during Incubation. 
Age. 
days 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Humidity 91 per cent.  Humidity 67.5 per cent. 
We  L  S  St  St  St 
11  w t  nt  ~  n  wt  11t 
mg.  gm.  gm.  gm.  gm.  gm.  gm.  gm.  gm.  gm. 
12.86  0  52.10  39.24  32.8  0  52.10  39.24  32.8 
12.86  0.07  52.03  39.17  32.8  0.24  51.84  38.98  33.0 
12.86  0.13  51.97  39.11  32.9  0.48  51.62  38.76  33.2 
12.86  0.20  51.90  39.04  32.9  0.73  51.3Z  38.51  33.4 
12.86  0.26  51.84  38.98  33.0  0.97  51.13  38.27  33.6 
221  12.86  0.33  51.77  38.91  33.0  1.21  50.89  38.03  33.8 
423  0.01  12.85  0.40  51.70  38.85  33.1  1.45  50.65  37.80  34.0 
735  0.01  0.02  12.85  0.46  51.65  38.80  33.1  1.69  50.42  37.57  34.2 
1,189  0.01  0.04  12.83  0.53  51.58  38.75  33.1  1.94  50.17  37.34  34.4 
1,879  0.02  0.07  12.81  0.59  51.53  38.72  33.1  2.18  49.94  37.13  34.5 
2,661  0.03  0.12  12.77  0.66  51.47  38.70  33.0  2.42  49.71  36.94  34.6 
3,750  0.04  0.18  12.72  0.73  51.41  38.69  32.9  2.66  49.48  36.76  34.6 
5,105  0.05  0.26  12.65  0.79  51.36  38.71  32.7  2.90  49.25  36.60  34.6 
6,839  0.07  0.36  12.57  0.86  51.31  38.74  32.5  3.14  48.06  36.46  34.5 
8,974  0.09  0.49  12.46  0.92  51.27  38.81  32.1  3.39  48.8C  36.34  34.3 
11,460  0.111  0.66  12.31  0.99  51.221  38.91  31.~  3.63  48.58  36.27  34.0 
14,390  0.14  0.86  12.14  1.06  51.18  38.04  31.1  3.87  48.37  36.23  33.5 
17,950  0.18  1.09  11.95  1.19  50.0~  39.14  30.5  4.36  47.92  35.97  33.2 
22,030  0.22  1.35  11.73  1.32  50.0(  39.27  29.f  4.84  47.48  35.75  33.8 
26,670  0.27  1.60  11.5~  1.45  50.92  39.39  29.3  5.32  46.05  35.52  32.5 
W  =  57.8  =  weight  of whole  egg  (average  500  +  eggs)  before incubation. 
L0  =  5.7  =  weight of shell (9.81  ~  0.11 percent) before incubation. 
W0 =  52.1  =  weight of egg contents before incubation. 
Wt  =  weight of egg contents after t days of incubation  =  W0 -  H. 
Ho  =  39.24  =  weight of water (75.3 per cent) before incubation. 
Ht  =  weight of water after t days of incubation  =  W,  -  St. 
So  =  12.86  =  weight of solids (24.7 per cent) before incubation. 
S:  =  weight of solids after t days of incubation  =  So -  S  +  L. 
S  --  weight of solids burned (cf. Column 4, Table X). 
~3.6 
We  =  1.496  -  weight of embryo (mg.)  (cf.  Column 1, Table X). 
~3.6 
L  =  0.01  We  -  --  -  weight of solids added to the egg contents from the 
0.1496 
shell  (gin.). 
H  -- 0.0075 (100 -  h) ~ =  water lost  by evaporation  (0 -  16  days). 
H  =  0.0075 (I00 -  h) t +  0.0075 (100 -  h) (t -  16)  =  water lost  by evapo- 
ration (17  -  19 days). 
St 
-  solids  (gin.  per 100  gin.  1-120)  after  t  days of  incubation. 
Ht 
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TABLE  XII. 
Solid, Fat, Nitrogen, and Water in Egg Contents during Incubation under 
Standard  Conditions. 
Age. 
days 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
(t)  ! 
Solids = S~ 
g~. 
12.86 
12.86 
12.86 
12.86 
12.86 
12.86 
12.85 
12.85 
12.83 
12.81 
12.77 
12.72 
12.65 
12.57 
12.46 
12.31 
12 .~14 
11.95 
11.73 
11.53 
(2) 
Water ffi H  t 
39,24 
38,98 
38.76 
38.51 
38.27 
38.03 
37.80 
.  37.57 
37.34 
37.13 
36.94 
36.76 
36.60 
36.46 
36.24 
36.27 
36.23 
35.97 
35.75 
35.52 
(3) 
Fat = Y~ 
g~. 
5.79 
5.79 
5.79 
5.79 
5.79 
5.79 
5.78 
5.77 
5.75 
5.72 
5.67 
5.61 
5.53 
5.43 
5.30 
5.13 
4.93 
4.70 
4.44 
4.19 
(4) 
Nitrogen=N/ 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
0.974 
(s)  (6) 
Per cent N  = 
Nt  C  t 
Si 
per cent 
7.57  1.00 
7.57  1.00 
7.57  1.00 
7.57  1.00 
7.57  1.00 
7.57  1.00 
7.58  1.00 
7.58  1.00 
7.59  1.00 
7.60  1.00 
7.62  1.01 
7.66  1.01 
7.70  1.02 
7.75.  1.02 
7.81  1.03 
7.91  1.04 
8.02  1.06 
8.15  1.08 
8.30  1.10 
8.45  1.12 
Columns 1 and 2 from Table XI. 
Column 3,  (F0  --- 0.45  So -- 5.79 gm. (Table VI); Ft  =  5.79  -  S  (Column 4, 
Table  X).  The  initial  concentrations  for  fat  and  nitrogen  are  derived  from 
Table VI. 
Column  6,  Ct  =  the  constant  at  t  days,  by  which  the  initial  preincubation 
concentration  of any  substance  (if expressed  as  per  cent of dry  solid)  must  be 
multiplied to find the normal curve, which may be used as a base line for compari- 
son  with  the values actually  obtained.  The  reason  for  this  is  that  due  to  the 
continuous  loss  of  oxidizable  solid  during  incubation  the  concentration  of  any 
substance,  if unaffected  during incubation,  will nevertheless appear  to rise, since 
the total amount of solid substance is falling. HENRY A. MURRAY, JR.  33 
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FIG. 9. Theoretical curves to indicate the  changing concentration of solids 
(gin. per 100 gin. H~O) in the whole egg during the incubation period at humidities 
of 67.5 and 91 per cent (Table XI).  The black circles show the values actually 
obtained (Table VII) in eggs incubated at these humidites (corrected from 65 
and 90 per cent respectively, according to the graph (Fig. 4). 
DISCUSSION  AND  SUMMARY. 
As this paper goes to press a complete review of the chemistry of the 
fertile egg will be appearing (19).  The author, Mr. J. Needham, was 
kind enough to allow me  to inspect his manuscript and  thus avail 
myself of the comprehensive bibliography and discussion.  It is sur- 
prising that no biochemists have estimated the changing water content 
of  the  egg  during incubation.  Many of  the  analyses reported  in 
Needham's review were expressed in per cent of total weight or per 
cent of dry solid, and consequently are of questionable  value,  since 
these latter functions are themselves changing; the former due to water 
evaporation and the latter through the addition of shell constituents 
and the burning of oxidizable organic  compounds.  Moreover, there 
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the  average,  figures  obtained  has  consequently  been  difficult  to 
estimate. 
Tangl's work, quoted throughout  this paper,  except for its lack of 
statistical  treatment  is  more  enlightening.  However,  his  concept 
of the so called "Energy of Embryogenesis" which he propounds, seems 
to me misleading and unwarranted.  What Tangl measured was the 
amount and  the caloric value of the solid material  burned and thus 
the quantity of energy lost during the embryonic period.  The latter 
is equivalent to the usual measurements of catabolism.  In the case of 
the embryo it is not basal metabolism which is being estimated,  since 
the conditions are not basal.  The embryo is absorbing and assimilat- 
ing nutriment all the while at a  relatively rapid rate. 
The calorific value of the oxidized solid, which is in truth the amount 
of energy lost during a  certain  chosen interval,  in Tangl's judgment 
stands for the energy of embryogenesis; i.e., the energy of development 
(growth  +  differentiation).  We  believe  that  this  conception  is 
erroneous.  The  two  processes,  anabolism  and  catabolism,  occur 
together and undoubtedly have some relationship,  but surely one is 
not a measure of the other. 
In a starving animal,  and so probably in a starving embryo, there 
is a  considerable amount of so called basal metabolism.  Thus if the 
"Embryogenetic  Energy"  were measured  under  these  conditions  a 
figure would be obtained for which there was no growth to correspond, 
or in  other words  there would be  a  value for something which  did 
not exist. 
It will be seen in our later communications  that  the changes with 
age of metabolic rate and growth rate do not coincide.  The amount of 
catabolism under certain circumstances does not accelerate growth or 
anabolism, but seems rather to be a  limiting  factor.  It is as if when 
the  absorbed energy were constant an increase  of catabolism would 
make  inroads  upon  the  amount  of  energy which  otherwise would 
remain for storage (growth). 
If, as Pembrey's (20)  experiments would tend to show, there is an 
increase of metabolism in the oldest embryos when the outside tem- 
perature is lowered, one would find at the end of incubation in such 
cases that there was a greater amount of so called "Energy of Develop- 
ment"  but  smaller  embryo.  It  seems  that  the  potential  energy HENRY  A.  MURRAY, JR.  35 
amassed as growth comes from that remaining after the needs of the 
body have been satisfied. 
The results of the experiments described in this paper have formed 
the basis for judgment in the selection of suitable standard conditions 
for the incubation  of hen's  eggs.  Standardization  was necessary so 
that in future experiments the more important environmental factors 
might be kept uniform within a  certain appropriate range and' there- 
fore not be held accountable for deviations observed in the embryos. 
Henceforth in this series of papers the term  "standard incubation 
conditions"  will signify that  (1)  the  temperature  was constantly at 
38.8 4- 0.4°C.,  (2) the humidity at 67.5 4- 2.5 per cent, (3) there was 
a continuous flow of warm air into the incubator to provide the neces- 
sary circulation,  and  (4)  the eggs were rolled once a  day within the 
constant temperature room. 
The incubator, a double-walled copper cabinet, stands in a constant 
temperature  room,  the  fluctuations  of  which  are  4-  1.0°C.  The 
space between the walls of the incubator is filled with water which 
serves as a buffer to outer variations. 
It  might  be  repeated  that  all  the  eggs  are  from  White  Leghorn 
hens,  are incubated 2 days after laying,  and that  they are  kept  cold 
during the interval necessary for transportation. 
With  the  figures  from  our  chemical  analyses  and  metabolic rate 
experiments, it was possible to calculate values for the concentration 
of total  solids,  fat,  and  nitrogen  throughout  the incubation  period. 
These data were necessary as a  general chemical background for fur- 
ther  work.  The  results  of  the  calculations  are  obviously  rough. 
Because of the great variability of the eggs a  satisfactory degree of 
accuracy could not have been attained without a very large number of 
analyses supplemented by complete statistical treatment.  The neces- 
sity for such a  comprehensive  study was not evident,  and it is our 
belief that  the approximations  reached in  this paper are sufficiently 
close to serve our present purposes. 
The  chief  facts  that  have  been  ascertained  in  this  investigation 
are 
(1)  Loss of water by the egg during incubation is a function of the 
atmospheric  humidity  in  its  immediate  environment.  More  rapid 
circulation of air lowers the humidity around the egg and thus increases 36  PHYSIOLOGICAL  ONTOGENY.  II 
evaporation.  Other facts influencing evaporation are (a) atmospheric 
temperature,  (b)  thickness and surface area of the shell, and  (c)  con- 
ditions within the egg, the most important of which, it is suggested, is 
the amount of heat produced by the embryo.  The latter  factor, in 
turn, depends upon its size and age, and a significant change does not 
become apparent until the last 3 or 4 days of incubation, that is to say, 
when the embryo is of sufficient mass to exert a measurable force. 
(2)  The surface area of the eggs in sq.  cm. may be approximately 
represented by the formula S  =  K  W]-, where K  --  5.07  +  0.10, and 
W  =  the weight of the whole egg in gin. 
(3)  There is a loss of weight by the shell during incubation.  This 
is most noticeable near  the end of the  cycle, when the loss seems to 
parallel in general the weight of the embryo. 
(4)  There is also a loss of solid matter during incubation.  Chemical 
analyses indicate that about 98 per cent of the material oxidized is fat. 
This  conclusion  is  corroborative  of previous  work  by Hasselbalch, 
Hasselbalch and Bohr, and Tangl. 
(5)  Carbon  dioxide  may  be  measured  with  relative  accuracy. 
When it is assumed that it is derived from the oxidation of fat, satis- 
factory corroboration of the chemical analyses is obtained. 
These experiments have furnished the data from which the values 
have been calculated for total solids, fats,  and protein in the whole 
egg throughout incubation.  The figures may be used later for com- 
parison  with  the  concentration  of  these  substances  within  the 
embryo. 
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